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(54) Transesophageal probe with variable stiffness 



(57) A transesophageal probe with variable stiffness 
(10) comprises an endoscope (20) with a probe head 
(40) connected to a distal end of the endoscope (20). A 
flexible tube (50) is secured to the endoscope (20). Fi- 



nally, a semi-rigid rod (60) is slidably disposed with in the 
flexible tube (50). Advancing or retracting the semi-rigid 
rod (60) within the flexible tube (50) allows the operator 
to vary the stiffness of the transesophageal probe (10). 
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Description 

[0001] This invention is directed to transesophageal 
echocardiography (TEE) probes used for imaging hu- 
man organs, particularly the heart. TEE probes are well 5 
known in the art and comprise an ultrasonic transducer 
mounted at the end of a semi-flexible endoscope. The 
endoscope typically has an articulation section at its dis- 
tal end that allows the operator to rotate or move the 
distal end of the endoscope such that the ultrasonic 
transducer is optimally positioned for imaging the rele- 
vant organ. Movement of the articulation section is ef- 
fected in a controlled manner through mechanical con- 
trols (e.g., handles or knobs) positioned on a handle lo- 
cated on the proximal end of the endoscope. 
[0002] In prior TEE probes, the semi-flexible nature of 
the endoscope enabled physicians or clinicians to intro- 
duce the ultrasonic transducer through the esophagus 
of a patient to a position where the heart or other rele- 
vant structure could be ultrasonically imaged. This was 
particularly useful during open-heart surgery, when con- 
ventional ultrasonic imaging was impractical due to the 
existence of an open chest cavity. In addition, TEE 
probes were useful when obesity or other anatomical 
anomalies precluded the use of conventional ultrasonic 
imaging. However, because of their uniform stiffness, in- 
troducing prior TEE probes into the esophagus was dif- 
ficult and required significant clinical skill because of the 
variations in esophageal anatomy. Also, once intro- 
duced, there was no means for changing the stiffness 
characteristics of the TEE probe. 
[0003] Therefore, there is a need for a TEE probe with 
variable stiffness characteristics that address these pri- 
or problems. 

[0004] in a preferred embodiment of the invention, a 
transesophageal probe with variable stiffness includes 
an endoscope with a probe head connected to a distal 
end of the endoscope. A flexible tube is secured to the 
endoscope and has a semi-rigid rod sltdably disposed 
within the flexible tube. 

[0005] In an alternative embodiment of the invention, 
a transesophageal probe with variable stiffness includes 
an endoscope having an articulation section. The endo- 
scope has a probe head connected to its distal end. A 
flexible tube is secured within the interior of the endo- 
scope. A semi-rigid rod is slidably disposed within the 
flexible tube. 

[0006] The preferred embodiment has a number of 
advantages. In particular, the semi-rigid rod can be ad- 
vanced or retracted by an operator to vary the stiffness 
of the endoscope. This configuration permits the oper- 
ator to vary the stiffness of the endoscope in order to 
better accommodate variations in anatomy, particularly 
esophageal anatomy. Use of different structure for the 
flexible tube (e.g., a helical structure) or different mate- 
rials for the semi-rigid rod (e.g., metal) permit additional 
variations in the stiffness characteristics of the trans- 
esophageal probe. Other features and advantages of 
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the invention will become apparent from the description 
that follows. 

[0007] The invention will now be described in greater 
detail, by way of example, with reference to the draw- 
ings, in which:- 

Figure 1 is a cross-section of the distal portion of 
one embodiment of transesophageal probe with 
variable stiffness. 

Figure 2 is a cross-section of an alternative embod- 
iment of a transesophageal probe with variable stiff- 
ness using a non-symmetric rod to achieve low 
transverse stiffness. 

Figure 3 is a cross-section of an alternative embod- 
iment of a transesophageal probe with variable stiff- 
ness using a non-symmetric rod to achieve high 
transverse stiffness. 

[0008] Turning to Figure 1, one embodiment of the 
transesophageal probe with variable stiffness 1 0 is illus- 
trated. The transesophageal probe with variable stiff- 
ness 10 includes an endoscope 20 having an articula- 
tion section 30. A probe head 40, comprising an ultra- 
sonic transducer for imaging, is attached to the distal 
end of the articulation section 30 of the endoscope 20. 
A flexible tube 50 is secured to and disposed within the 
transesophageal probe with variable stiffness 10. The 
flexible tube 50 extends from the proximal end of the 
endoscope 20 to the distal end of the articulation section 
30 of the endoscope 20. A semi-rigid rod 60 is slidingly 
positioned within the flexible tube 50. 
[0009] In a preferred embodiment, the flexible tube 50 
is centered within the endoscope 20 and extends from 
the proximal end of the endoscope 20 to the distal end 
of the articulation section 30 of the endoscope 20. The 
flexible tube 50 may be secured to the interior of the 
endoscope in any number of ways known to those 
skilled in the art. The precise means of attachment is 
not important to the present invention so long as thef lex- 
ibility of the transesophageal probe with variable stiff- 
ness 10 is maintained. Further, the flexible tube 50 may 
be constructed of any one of a wide variety of conven- 
tional plastic materials generally known in the art and 
may be, for example, tubular, helical, or a mesh, de- 
pending on the desired flexibility characteristics. 
[0010] In one embodiment, the semi-rigid rod 60 slid- 
ingly disposed within the flexible tube 50 is made of rel- 
atively stiff plastic and is circular in cross-section. The 
semi-rigid rod 60 is sufficiently long to traverse the entire 
length of the endoscope 20 and its articulation section 
30. The semi-rigid rod 60 may be manually advanced 
or retracted, at the proximal end of the transesophageal 
probe 10, into the flexible tube 50. The flexibility of the 
transesophageal probe 10 can thereby be varied read- 
ily, depending on the extent to which the semi-rigid rod 
60 is advanced or retracted within the flexible tube 50. 
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In alternative embodiments, the semi-rigid rod 60 may 
be advanced or retracted, for example, mechanically or 
electro-mechanically. 

[001 1 ] Turning to Figure 2, an alternative embodiment 
of the transesophageal probe with variable stiffness 1 0 5 
is illustrated. As before, the semi-rigid rod 60 is slidingly 
disposed within the flexible tube 50. In this embodiment, 
however, the semi-rigid rod 60 is a longitudinally non- 
symmetric rod 70. Use of the longitudinally non-sym- 
metric rod 70 creates low stiffness in the transverse axial to 
direction of the transesophageal probe 1 0, as illustrated 
in Figure 2. 

[001 2] Turning to Figure 3, an alternative embodiment 
of the transesophageal probe with variable stiffness 1 0 
is illustrated. As before, the semi-rigid rod 60 is slidingly is 
disposed within the flexible tube 50. In this embodiment, 
however, the semi-rigid rod 60 is a transversely non- 
symmetric rod 80. Use of the transversely non-symmet- 
ric rod 80 creates high stiffness in the transverse axial 
direction of the transesophageal probe 10, as illustrated 20 
in Figure 3. Therefore, the advancement and rotation of 
a non-symmetrical rod (e.g., longitudinally non-symmet- 
ric rod 70 or transversely non-symmetric rod 80) provide 
further variable stiffness options to the physician. 
[0013] In another embodiment, the semi-rigid rod 60 25 
can be helical, tapered, metallic, or of a composite na- 
ture. By varying the structure or material composition of 
the semi-rigid rod 60, the flexibility of the transesopha- 
geal probe 10 can be varied in a known manner by ad- 
vancing or retracting the semi-rigid rod 60, so 
[0014] The present invention thereby provides a 
transesophageal probe 10 with variable stiffness char- 
acteristics. The variable stiffness is achieved by slidably 
advancing or retracting a semi-rigid rod 60 within a flex- 
ible tube 50 disposed within the transesophageal probe 35 
1 0. Prior limitations on the flexibility of a TEE probe are, 
thus, eliminated. 

[0015] For the sake of good order, various aspects of 
the invention are set out in the following clauses:- 

40 

1 . Transesophageal probe with variable stiffness 
comprising: 

an endoscope; 

a probe head connected to a distal end of the *5 
endoscope; 

a flexible tube secured to the endoscope; and 
a semi-rigid rod slidably disposed within the 
flexible tube. 

50 

2. The transesophageal probe with variable stiff- 
ness of clause 1 wherein the flexible tube is cen- 
tered within the interior of the endoscope. 

3. The transesophageal probe with variable stiff- 55 
ness of clause 1 wherein the endoscope includes 

an articulation section. 



4. The transesophageal probe with variable stiff- 
ness of clause 1 wherein the probe head is an ul- 
trasonic transducer. 

5. The transesophageal probe with variable stiff- 
ness of clause 1 wherein the flexible tube is a helical 
tube. 

6. The transesophageal probe with variable stiff- 
ness of clause 1 wherein the flexible tube extends 
from the proximal end of the endoscope to the distal 
end of the endoscope. 

7. The transesophageal probe with variable stiff- 
ness of clause 1 wherein the flexible tube is plastic. 

8. A transesophageal probe with variable stiffness 
comprising: 

an endoscope having an articulation section; 
a probe head connected to a distal end to the 
endoscope; 

a flexible tube secured within the interior of the 
endoscope; and 

a semi-rigid rod slidably disposed within the 
flexible tube. 

9. The transesophageal probe with variable stiff- 
ness of clause 8 wherein the flexible tube is cen- 
tered within the interior of the endoscope. 

10. The transesophageal probe with variable stiff- 
ness of clause 8 wherein the probe head is an ul- 
trasonic transducer. 

11. The transesophageal probe with variable stiff- 
ness of clause 8 wherein the flexible tube is a helical 
tube. 

12. The transesophageal probe with variable stiff- 
ness of clause 8 wherein the flexible tube is plastic. 

13. The transesophageal probe with variable stiff- 
ness of clause 8 wherein the flexible tube extends 
from the proximal end of the endoscope to the distal 
end of the articulation section of the endoscope. 

14. The transesophageal probe with variable stiff- 
ness of clause 8 wherein the semi-rigid rod is plas- 
tic. 

1 5. A method of using a transesophageal probe with 
variable stiffness comprising the steps of: 

inserting into a patient an endoscope having a 
probe head connected to a distal end of the en- 
doscope and having a flexible tube secured 
within its interior; and 
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advancing a semi-rigid rod within the flexible 
tube to make the endoscope more stiff. 

1 6. The method of clause 1 5 further comprising the 
step of retracting the semi-rigid rod within the flexi- 
ble tube to make the endoscope more flexible. 

1 7. The method of clause 1 5 further comprising the 
step of using the probe head to image internal or- 
gans using an ultrasonic transducer. 

18. The method of clause 15 wherein the endo- 
scope is inserted through a patient's esophagus. 

Claims 

1. A transesophageal probe with variable stiffness 
(10) comprising: 



an ultrasonic transducer. 

8. A method of using a transesophageal probe with 
variable stiffness (10) comprising the steps of: 

5 

inserting into a patient an endoscope (20) hav- 
ing a probe head (40) connected to a distal end 
of the endoscope (20) and having a flexible 
tube (50) secured within its interior; and 
10 advancing a semi-rigid rod (60) within the flex- 

ible tube (50) to make the endoscope 20 more 
stiff. 

9. The method of claim 8 further comprising the step 
15 of retracting the semi-rigid rod (60) within the flexi- 
ble tube 50 to make the endoscope (20) more flex- 
ible. 

10. The method of claim 8 or 9 further comprising the 
20 step of using the probe head (40) to image internal 

organs using an ultrasonic transducer. 



an endoscope (20); 

a probe head (40) connected to a distal end of 
the endoscope (20); 

a flexible tube (50) secured to the endoscope 
(20); and 

a semi-rigid rod (60) slidably disposed within 
the flexible tube (50). 
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2. The transesophageal probe with variable stiffness 

(1 0) of claim 1 wherein the flexible tube (50) is cen- 30 
tered within the interior of the endoscope (20). 

3. The transesophageal probe with variable stiffness 
(1 0) of claim 1 or 2 wherein the endoscope (20) in- 
cludes an articulation section (30). 35 



4. The transesophageal probe with variable stiffness 
(10) of claim 1 , 2 or 3 wherein the probe head (40) 
is an ultrasonic transducer. 

5. A transesophageal probe with variable stiffness 
(10) comprising: 



an endoscope (20) having an articulation sec- 
tion (30); 45 
a probe head (40) connected to a distal end to 
the endoscope (20); 

a flexible tube (50) secured within the interior 
of the endoscope (20); and 
a semi-rigid rod (60) slidably disposed within so 
the flexible tube (50). 



6. The transesophageal probe with variable stiffness 
10 of claim 5 wherein the flexible tube (50) is cen- 
tered within the interior of the endoscope (20). 



7. The transesophageal probe with variable stiffness 
(1 0) of claim 5 or 6 wherein the probe head (40) is 
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FIGURE 2 FIGURE 3 
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